BACKGROUND: Fundamental movement skill (FMS) proficiency is positively associated with physical activity and fitness levels. The objective of this study was to systematically review evidence for the benefits of FMS interventions targeting youth.
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It is well established that physical activity is vitally important for the healthy growth and development of children 1 ; however, many children are not adequately active. 2 Physical activity provides not only an opportunity to expend energy, but also a medium for the development of fundamental movement skills (FMS). Gallahue and Donnelly 3 (2003) define a FMS as "an organized series of basic movements that involve the combination of movement patterns of two or more body segments" (p. 52). According to Gallahue, Ozman and Goodway, these movements are commonly categorized as locomotor (eg, running, jumping, and hopping; p. 448) and object control or gross manipulative skills (eg, catching, throwing, and kicking; p. 449). 4 FMS are considered to be the foundation skills that lead to specialized movement sequences required for participation in many organized and nonorganized physical activities for children and adolescents. 5 FMS are optimally developed in childhood and then refined into context and sport-specific skills. 5 For instance, overarm throwing can be refined to "pitching" in baseball or a "serve" in tennis. FMS mastery or motor competence is more likely to be achieved with quality instruction and practice, 4 while children who are not provided with opportunities to develop FMS may demonstrate developmental delays in their gross motor ability. 6, 7 Children' s FMS proficiency is low in a number of countries, [8] [9] [10] with many children entering adolescence having not mastered these basic movement skills. 9 This is of particular concern, as a recent systematic review of the health benefits of FMS proficiency found consistent and positive associations between FMS proficiency and physical activity and fitness levels and an inverse association with weight status. 11 There is also longitudinal evidence that motor skills track through childhood 12, 13 and into adolescence. 14, 15 FMS proficiency has been associated with subsequent physical activity 16 and also with change in physical activity over time, highlighting that children with high FMS proficiency show little decline in physical activity. 17 In addition, positive associations have been established between FMS proficiency and objectively measured physical activity in overweight children. 18 Efforts to promote physical activity in youth would benefit from a greater understanding of evidence-based strategies to improve FMS proficiency. Recommendations for schooland community-based physical activity programs from various countries have FMS development as an integral aspect of physical education and school and community sport. [19] [20] [21] However, little is known about the efficacy of interventions designed to improve FMS proficiency in typically developing children and adolescents. Reithmuller, Jones, and Okely 22 conducted a systematic review of controlled trials on the efficacy of motor development interventions in young children (aged ,5 years old) and reported the evidence base was limited in both quality and quantity. Another recent review and meta-analysis included both typically and nontypically developing children but only included studies that used a qualitative FMS assessment (with only 1 instrument meeting inclusion criteria). 23 Another limitation recognized in this review was that most studies in the metaanalysis included children that were developmentally delayed and/or of preschool age.
Therefore, the aim of the current study was to conduct a systematic review and meta-analysis of the effectiveness of interventions designed to improve FMS proficiency in typically developing children and adolescents using both process-and product-oriented FMS assessment and including both randomized and nonrandomized trials.
METHODS
The conduct and reporting of this review adhered to the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) Statement. 24 Eligibility Criteria
Types of Participants
Children were enrolled in primary/ elementary, middle, or high school. The age range of children in these levels of schooling may vary by country but in general covers the following ages: primary/elementary school (5-12 years), middle school (12-14 years), high school (12-18 years or 14-18 years in areas with middle schools). Studies targeting overweight/obese children or children from schools in disadvantaged areas were included but not those where participants had developmental coordination delays (ie, where study inclusion criteria specified these characteristics).
Types of Interventions
Any school-, home-, or communitybased intervention for children and adolescents with clear intent to improve FMS proficiency.
Types of Outcome Measures
Studies were included if they reported statistical analyses of FMS competence at both preintervention and a minimum of 1 other poststudy time point. There must have been process (ie, technique) or product (ie, outcome) assessment of $1 of the following: run, vertical jump, horizontal jump, hop, dodge, leap, gallop, side gallop (slide), skip, roll, throw (under or over arm), stationary dribble, catch, kick, 2-handed strike, forehand strike, static balance, or categorized in groups of commonly described similar skills such as locomotor or object control skills, or global FMS score. 25 
Types of Studies
Study designs included randomized controlled trials (RCTs) using experimental and quasi-experimental designs and single group pre-post trials.
Studies were excluded if they met any of the following criteria: (1) participants were targeted groups from special populations (eg, children with disabilities such as cerebral palsy or identified as having developmental coordination disorder or conditions such as mental illness); (2) not published in English; (3) used measurement batteries that incorporated an assessment of fine motor skills, motor coordination, motor ability or fitness or that included a focus on a skill unique to a particular sport; and (4) participants were children who were enrolled in preschools or child care centers. . The Boolean phrase "AND" was used between groups and the phrase "OR" was used within groups.
Information Sources and Search

Study Selection
After the search, 1 of the authors (HAS) removed all duplicates and screened the title and abstract of remaining records in a nonblinded standardized manner. Only articles published or accepted for publication in refereed journals were considered. A second author (PJM) checked all decisions and any disagreements were resolved by discussion. If there was insufficient information available to make a decision, the article was retrieved for clarification. Consensus was reached by discussion when disagreement arose. Full text articles were then retrieved for all remaining records. Two authors (PJM and LMB) independently screened these articles for inclusion with a "yes, no, or maybe" approach. Both reviewers then conferred, and after discussion, full consensus was reached on all articles. The reference list of each included study was searched for additional studies.
Data Collection Process
One author (KC) extracted study data relating to methodology, participant characteristics, intervention description, FMS measure, and the intervention effect on FMS. Another reviewer (DRL) checked the extracted data.
Risk of Bias in Individual Studies
Risk of bias was independently assessed by 2 reviewers (DPC and ADO) using a 9-item tool adapted from the Consolidated Standards of Reporting Trials statement 26 and previously used quality criteria 27 (see Table 1 ). As recommended in the PRISMA statement, these items were not numerically summarized to give a final score; rather, each criteria was considered in isolation. 28 In accordance with empirical evidence, criterion A, C, D, and H were regarded as the most significant items in which bias could have an impact on results. 28, 29 Each item on the scale was coded as "explicitly described and present" (✓), "absent" (x) or "unclear or inadequately described" (?). Interrater reliability for the assessors was calculated on a dichotomous scale (✓ = 1 vs x or ? = 0) using percentage agreement and Cohen' s k. Depending on the study design, some items were coded as not applicable (N/A) and not included in agreement calculations. Disagreements between assessors were resolved by discussion.
Synthesis of Results
Data were first collated and described in a narrative summary with emphasis given to results from RCTs. Metaanalyses were conducted for studies that provided composite scores (ie, $2 skills combined) for overall FMS proficiency, locomotor proficiency, and object control proficiency using RevMan version 5.1. 30 Studies that included a control or comparison group and reported baseline and posttest values or change scores, along with measures of distribution (ie, SD or confidence intervals) were included in the meta-analyses. When studies compared multiple treatment groups with a single control group (n = 2), the sample size of the control group was divided to avoid double counting. For studies that included posttest and follow-up assessments, the assessments completed at the end of the intervention period (ie, posttest) were included in the meta-analyses. Because FMS proficiency was assessed using a range of instruments, the standardized mean difference (SMD) with 95% confidence intervals (CI) was reported.
Estimates were obtained using the DerSimonian-Laird 31 random effects estimator and studies were weighted by the inverse of their variance. Statistical heterogeneity was examined via x 2 and the I 2 Index tests. The standardized effect sizes were interpreted as small (0.3), medium (0.5), and large (0.8). 32 
RESULTS
Overview of Studies
The flow of studies through the review process and reasons for exclusion are displayed in Fig 1. The initial search identified 12 329 citations. After screening the titles and abstracts of potential studies, 59 full-text articles were retrieved. From this number, 22 studies (representing 19 unique interventions) were included. 54 The majority of studies were conducted in the United States, 34, 37, 47, [52] [53] [54] Australia, 35, 42, 48, 50, 51 and Sweden. 36, 43, 44, 49 The majority of interventions were evaluated in primary/elementary schools among children, with only 1 study in high school with adolescents. 39 Two studies were communitybased interventions targeting overweight and obese children. 35, 42 One study included boys only, 41 1 girls only, 33 and the remaining were coeducational. 40, 42, 54 Seven studies included followup assessments after a period of no intervention. [35] [36] [37] 39, 42, 48, 51 Ericsson 43, 44 did not include an immediate postintervention assessment her but did include follow-up assessments at 1, 2, 43,44 and 9 years 36 after baseline. The sample sizes for the studies ranged from 13 42 to 1464, 34 and 10 studies had a sample size of .250. 34, 36, 39, 40, 43, 44, 48, 50, 51, 53 Risk of Bias Within Studies BCT, behavioral choice theory; CMT, competence motivation theory; CON, control; FMS, fundamental movement skills; FU, follow-up -assessments conducted after the completion of the intervention and the initial posttest assessments; GMQ, Gross Motor Quotient; INT, intervention; K, kindergarten; MUGI, Motorisk Utveckling som Grund för Inlärning-motor skills as foundation for learning; PE, physical education; PT, posttest -assessments conducted after baseline assessments and/or immediately after completion of the intervention; p/y, per year; RCT, randomized controlled trial; RET, retention; SCT, social cognitive theory; SHARK, Skills Honing and Active Recreation for Kids; TGMD-2, Test for Gross Motor Development; y, year; a Facilitator refers to the individual(s) who delivered the intervention.
Study Characteristics
b TGMD standardized scores are all adjusted for age and sex.
REVIEW ARTICLE agreement for all 187 items (percentage agreement 95%, k = 0.84). Seventeen of the 22 studies used measures of FMS proficiency that had published validity, 14, 33, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [46] [47] [48] [49] 52 and this was the most commonly reported item across the studies. Nine studies met the criteria for adequate retention. 33, 34, 36, 37, 42, 47, 49, 52, 53 Assessor blinding was reported in 3 studies; 34, 35, 48 and in 6 studies, participants were analyzed in their allocated group and were not excluded because of missing data or noncompliance. 33, 35, 39, 42, 48, 52 Of the 6 RCTs, the randomization procedure, including sequence generation, allocation concealment, and implementation, was adequately described in only 1 study. 35 None of the studies reported a power calculation for FMS outcomes.
Measurement of FMS
Studies used a combination of process and product measures to assess FMS competency. The Test of Gross Motor Development (TGMD) was the most common measure of FMS with TGMD used in 2 studies 46,52 and TGMD-2 used in 7 studies. 33, 35, 38, [40] [41] [42] 47 The 'Get Skilled Get Active' measure was used to evaluate 2 interventions. 45, 50, 51 Matvienko et al 37 and McKenzie et al 53 developed product measures designed to assess children' s catching, kicking distance, and throwing accuracy.
Types of Interventions
Nearly all interventions were delivered in the primary school setting, with 4 conducted after school 35, 37, 42, 45 and 1 in high school. 39 Most interventions were delivered by physical education (PE) teachers [34] [35] [36] [37] [38] [39] 42, 43, 44, [46] [47] [48] [49] 53, 54 or experienced coaches, 45 with some using trained classroom teachers 53 or trained preservice teachers 50, 51, 52 or PE specialists to help classroom teachers. 40, 49 Interventions ranged in duration from 4 weeks 37 to 3 years. 49 On average, interventions offered between 8 and 195 hours of instruction and ran for 12 weeks (median). Many of the interventions followed a structured format and included a prescribed number of lessons per week, although a number did not provide detailed intervention descriptions (eg, 33, 41, 45, 52 ).
Some of the interventions had a greater focus on providing teacher professional development (eg, 39, 53 ) or additional support to teachers (eg, 40, 50, 51 ). These interventions tended to be longer in duration and often included multiple strategies and intensive support for teachers. 48, 50, 51, 53 For example, the Move It Groove It intervention 50, 51 involved a whole-school approach, which included school project teams, a buddy program with preservice teachers, professional development (5 days of training and 4 workshops), and a project Web site. Similarly, for the trained classroom teacher study arm in the SPARK intervention, 53 teachers received 32 hours training in year 1 and 9 hours in year 2 and also received onsite support by a PE specialist (biweekly to bimonthly) that included observations, modeling, feedback, and other assistance.
Theoretical Frameworks or Pedagogical Approach Guiding the Interventions
A number of the PE-based interventions tested an "enhanced" PE curriculum with a focus on optimal FMS development versus traditional PE 34, 39, 46, 47 or free play, 52 whereas some compared both enhanced PE and additional time spent in PE 36, 38, 43, 44, 48, 50, 51, 53 or simply evaluated the benefit of an increased time allotment for PE. 49 Many of the interventions did not provide detail about the theoretical or pedagogical approach that the intervention was based on. Some were based on 1 approach, and others used a combination of approaches. The following approaches or theories were described: mastery motivational climate, 42, 46, 47 competence motivation theory, 35, 42 hypothetic-deductive, 36, 43, 44 self-learning, 45 and movement exploration and self-testing. 46, 54 Martin and colleagues 47 used a mastery motivational climate that allowed students to move freely throughout FMS stations and were encouraged to self-regulate the time spent at each station, the level of task difficulty, and their grouping. Most other interventions were based on direct instruction (teacher-led activities, games) or not described.
Evidence for FMS Outcomes
All studies reported statistically significant intervention effects for $1 FMS. Twelve studies reported significant intervention effects for overall motor skill competency, 33, 35, 36, [39] [40] [41] 42, 43, 46, 49, 50, 52 and 1 study found improvements in girls only. 48 Alternatively, McKenzie and colleagues 53 found that changes in total skill competency among students in the intervention groups were greater but not significantly different to those observed in the control group who continued with their usual PE programs.
Both short-term (ie, 4-8 weeks) and long-term (.6 months) interventions were successful in increasing FMS competency. Of those studies that reported results beyond postintervention assessments, [35] [36] [37] 39, 41, 48, 51 6 reported positive intervention effects on at least 1 outcome. 36 53 or control group, 44 and 1 found the intervention favored girls. 48 REVIEW ARTICLE
Meta-analysis of FMS Intervention Effects
Because there was considerable heterogeneity among interventions, the random effects modelswere used forall analyses. The meta-analyses revealed large effect sizes for overall gross motor skill proficiency (SMD = 1.42, 95% CI 0.68-2.16, Z = 3.77, P , .0002; Fig 2) and locomotor skill competency (SMD = 1.42, 95% CI 0.56-2.27, Z = 3.25, P = .001; Fig 3) . A medium effect size for object control skill competency was observed (SMD = 0.63, 95% CI 0.28-0.98, Z = 3.53, P = .0004; Fig 4) . A funnel plot to assess publication bias was not produced as the meta-analyses included ,10 interventions. 55 
FIGURE 2
Meta-analysis comparing the effects of FMS interventions on overall gross motor skill proficiency.
FIGURE 3
Meta-analysis comparing the effects of FMS interventions on locomotor skill proficiency.
FIGURE 4
Meta-analysis comparing the effects of FMS interventions on object control motor skill proficiency.
DISCUSSION
The aim of this systematic review was to synthesize the evidence on the effectiveness of FMS interventions among typically developing youth. Of the 22 eligible studies (including 6 RCTs), 19 unique interventions were evaluated with all reporting intervention effects for $1 FMS. Meta-analyses revealed statistically significant intervention effects for overall gross, locomotor, and object control motor skill proficiency. Although these findings are promising, there was a high risk of bias in many of the included studies.
The evaluation of FMS interventions is a relatively new area of research. Although the first study was conducted in 1989, 54 86% have been published since 2000. There was considerable variation in both intervention design and duration, but most were delivered in the primary school setting by PE specialists. Only 1 study was conducted with adolescents, which is not surprising given that FMS are optimally developed and ideally targeted in childhood. However, the lack of studies is of concern, given the poor FMS proficiency of many children who are now entering high school, 9, 10, 56 and this may be an important area for future work. Intervention effects for $1 FMS outcomes were reported in all studies, with 12 reporting significant effects for overall motor skill competence. In studies conducting follow-up assessments beyond the postintervention assessment, 6 reported positive intervention effects, including 2 that had long-term follow-up. 36, 51 However, significant effects were not observed for all FMS measured.
The effect sizes found in the current review were large and greater than those observed in a previous metaanalysis of FMS interventions in mostly younger children. 23 However, there were only a relatively small number of heterogeneous studies included in the meta-analyses. We found the effect size for locomotor skills was greater than for object control skills. This is in contrast to a recent meta-analysis by Logan et al, which found no difference. This disparity may be due to the different age groups sampled as Logan et al' s meta-analysis included mostly studies of children with developmental delays or of preschool age. Our findings may suggest that object control skills are more difficult to improve than locomotor skills. This may be due to the greater skill component complexity and perceptual demand of object control skills, which may require more intensive skill instruction and practice.
Although the findings are positive for FMS improvements, these results should be interpreted with some caution because of the high risk of bias identified and because less than onethird of studies were RCTs. The high risk of bias was similar to a recent review of FMS interventions in young children, 22 although the number of studies demonstrating significant intervention effects was higher in the current review. In the current review, most studies used a valid FMS measure, but no studies reported a power calculation for an FMS outcome. Moreover, studies scored poorly for risk of bias items that are most likely to bias the estimate of an intervention' s effectiveness, 28, 29 particularly for assessor blinding, participants being excluded because of missing data, retention, and poor descriptions of the randomization process for the RCTs.
Evidence From RCTs
For all RCTs, the effect on FMS outcomes was in favor of the intervention group. The risk of bias was lower than the other studies but still quite high for twothirds of studies. The RCTs evaluated 5 programs in the primary school 33, 46, 48, 53 or after school settings 45 in 5 countries and 1 study for overweight children in a community setting. 35 The schoolbased RCTs were conducted with generally small samples (,100) and differed slightly in terms of their FMS impact, with some reporting effects on overall motor competence (both locomotor and object control), 33, 46, 53 and others having an impact on a select number of individual skills 45 or in a subgroup analysis favoring girls. 48 
FMS Intervention Characteristics and Pedagogical Approaches
Many studies did not describe their intervention sessions or teaching strategies in detail (eg, 33, 38, 41, 45, 52 ), and although intervention components varied across studies, they generally involved multiple lessons per week. Similar heterogeneity was also found in the review of young children. 22 A number of the PE-based interventions tested an "enhanced" PE curriculum with a focus on optimal FMS development versus traditional PE 34, 39, 46, 47 or free play, 52 whereas some compared both enhanced PE and additional time spent in PE 36, 38, 43, 44, 48, 50, 51, 53 or simply evaluated the benefit of an increased time allotment for PE. 49 Of those studies that compared enhanced PE (ie, targeting FMS development) versus typical PE (eg, games) 34, 39, 46, 47 or free play, 52 findings demonstrated the benefits of pedagogical approaches that enabled the learner to experience autonomy, developmentally appropriate tasks, and mastery and receive individualized feedback. This is of note, given that the control groups in these studies received the same time in PE or "dose" as the intervention group and both intervention and control groups had PE specialists deliver the respective programs. Given the issues identified in primary school PE internationally, including the constraints of a "crowded curriculum" [60] [61] [62] [63] , further strategies to integrate FMS learning beyond the school may have merit. This was a successful strategy used in 4 studies in the after-school setting 35, 37, 42, 45 and by using supplementary home-based FMS tasks. 35, 42, 53 Matvienko et al 37 found a short, intense after-school program produced significant and sustained FMS changes in the short term. Few studies 35, 42, 43 reported using parents as part of the intervention, as also found in Reithmuller' s et al 22 FMS review in young children. Given the limited PE curriculum time in primary schools, strategies to engage parents in both school-based lessons and to support practice opportunities outside of school may be a worthwhile target for future interventions.
Overall, it is difficult to ascertain which intervention characteristics were most important given the differences in design, program length and limited detail provided. Most studies did not detail the "dose" received (eg, attendance, FMS on-task time). Interestingly, the Logan et al review 23 found no association between FMS effect size and intervention duration, likely because of a disparity between intervention length and dose, with most studies not reporting actual FMS on-task time (ie, the actual time a child is engaged in an activity in which he or she is practicing or applying a FMS). This is an important area for future research because motor skill development theory shows that a key factor is the number of correct practice trials a child completes. 57 In addition, a longer intervention may not result in better FMS outcomes because some children (particularly older) may experience a "ceiling effect" with some FMS measures. Processoriented assessment batteries distinguish well at the lower end of skill ability but not as well at the higher end. As children grow and develop, they are more likely to be proficient in an FMS, or even excel at it, but the child who "excels" may score the same as a child who simply displays proficiency in the core skill components. Ceiling effects are less likely to occur with product assessments because there is always the possibility to perform better when the scoring is related to speed, distance, or accuracy.
Implications and Recommendations
Quality of instruction and time spent in practice are of utmost importance in improving FMS competence. 4 PE is a critical medium for providing this opportunity and is recognized as one of the most influential factors in FMS development. 64 Most of the schoolbased interventions targeted PE and PE specialists as facilitators. The interventions that used classroom teachers 40, 50, 51, 53 involved substantial professional development. Because many countries employ classroom teachers to deliver primary school PE, it is critical that FMS lessons are delivered appropriately and frequently. 65 Many studies have confirmed the tendency of classroom teachers to deliver PE programs consisting of inappropriate lesson content including large-sided team games or free play. 66, 67 Therefore, schools should ensure FMS lessons are delivered in a pedagogically appropriate manner 60 and that PE specialists are engaged. Given that the primary school years are considered the optimal time to develop FMS 4 and current issues with FMS learning contexts in primary schools, 68 training and resources need to be prioritized so that children can receive quality instruction. Researchers and education authorities may also need to consider the adoption of evidence-based programs and determine how these could be translated and sustained without researcher support.
Although risk of bias was high overall, it is possible that studies were inadequately reported rather than conducted, and thus actual study quality may have been underestimated. Future research should use the Consolidated Standards of Reporting Trials and Transparent Reporting of Evaluations
With Nonrandomized Designs statements. In particular, it is imperative that researchers report their interventions in greater detail (eg, intensity, duration and fidelity of FMS tasks, characteristics of facilitators and participants) 69 . More evidence is needed to determine which pedagogic approach and program components are associated with enhanced FMS competence and the optimal dose, duration, and intensity of interventions. In addition, because most of the studies only included assessments immediately after the intervention, future studies should include follow-up assessments beyond the postintervention time point to determine any sustained or longterm effects. Additional studies are needed that report results separately by sex given established differences in FMS proficiency between boys and girls 9, 15 and that findings from a few studies highlighted the need for increased attention on girls' FMS proficiency. 53 
Strengths and Limitations
This review has a number of strengths:
(1) a comprehensive search strategy across multiple databases with no date restrictions, (2) extensive study detail extracted and broad inclusion criteria, (3) high agreement levels for risk of bias assessments, and (4) alignment with the PRISMA Statement. 28 Limitations included the following: (1) studies were required to be published in English, (2) inclusion of a generally modest number of heterogeneous studies, (3) inability to rule out publication bias, and (4) potential study comparison difficulties due to the different types of FMS measures used.
Conclusions
Given the established associations between FMS and a range of healthrelated benefits, 11, 56 future research is needed to evaluate high-quality trials with long-term follow-up. We found evidence for the positive influence of programs of enhanced PE to improve FMS proficiency of children. Although the evidence-base is promising, results must be treated with some caution given the high risk of bias identified in many studies. It is clear that PE has a vital role to play in developing FMS for children and that PE specialists or classroom teachers with extensive and ongoing professional development are required to deliver such programs.
